N 1992, the first alanine scanning mutagenesis was performed on the yeast actin gene ACT1 (Wertman et al. 1992) . This collection of mutants has proven to be a very useful set of reagents for probing the structure/ function relationships in the actin cytoskeleton. Recently, we realized that several of the most devastating mutants have additional mutations that in several cases lead to complete null alleles. Given how useful these mutants have been, we decided to reconstruct and characterize the seven incorrect alleles. We found that in almost all cases the corrected alleles confer a different phenotype than previously reported. Strains with the corrected alleles, either as heterozygous diploids or as homozygous diploids, and haploids for the viable alleles are now available to the research community.
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The essential yeast actin gene has proven to be a particularly difficult target for the isolation of conditional mutants by traditional random mutagenesis and screening strategies. Despite numerous attempts, only three conditional alleles were isolated by these methods: act1-1 (P32L), act1-2 (A58T), and act1-4 (E259V). It was expected that actin would have many binding partners, so it was reasoned that many conditional mutations that distribute over the surface of the actin protein could be generated. A strategy was designed to mutate clusters of charged residues in actin with the idea that these would affect clusters of charged residues on the surface of the protein and thereby affect electrostatic interactions with key actin-binding proteins. This procedure yielded 16 new conditional alleles, 11 lethal alleles, 2 dominant lethal alleles, and 7 wildtype alleles (Wertman et al. 1992) . These alleles have been very useful to the yeast actin research community and to our lab in particular for mapping actin-binding sites by two-hybrid analysis (Amberg et al. 1995) and for whole-genome-level genetic interaction analysis (Haarer et al. 2007 ). However, we recently discovered that the original template plasmids for 7 alleles contain additional mutations that, in 5 of the cases, cause frameshifts and in the other 2 cases cause one-and twoamino-acid substitutions. Given the utility of the actin alanine scan alleles, we decided to correct these 7 alleles, characterize their proper mutant phenotypes, and make the correct strains available to the community.
As shown in Table 1 , 7 of the 36 original ACT1 alanine scan alleles were found to have mutations in addition to the intended one. In five cases, the M13-based mutagenesis procedure introduced frameshift mutations (act1-107, -118, -127, -128, and -130) . In one case, a point mutation was introduced (act1-108), and in the case of act1-136, 2 alanine scan alleles were introduced: the expected D2A change plus R37A and R39A (the act1-132 allele). In 1992, the mutations were confirmed by restriction digest because it would have been onerous to determine the complete sequence of ACT1 for all 36 alleles, and therefore the additional mutations were not identified at that time.
Five of the alleles in question were reconstructed by overlap fusion PCR (Ho et al. 1989; Dillon and Rosen 1990) and integrated into a BY4741 3 BY4742 diploid background. Two of the alleles (act1-108 and act1-136) were corrected on plasmids by replacing the extra mutations with wild-type DNA by traditional cloning methods, followed by integration into the BY (the knock-out collection) background. We were unable to recover two of the mutants despite numerous efforts (act1-118 and act1-130) and concluded that these are likely dominant lethal mutations. Homozygous diploids were constructed with the viable alleles, and basic phenotype analysis was performed on haploids, homozygous diploids, and heterozygous diploids. The phenotypes of mutants carrying lethal alleles were determined with heterozygous diploids. The goal was to recapitulate the basic phenotypic analysis performed on the original alanine scan mutants (Wertman et al. 1992) . Table 2 shows the strains that were constructed.
To assess basic growth phenotype and salt sensitivity, all strains were streaked for single colonies on YPD medium and YPD 1 0.9 m NaCl medium and incubated 1 Corresponding author: Department of Biochemistry and Molecular Biology, SUNY Upstate Medical University, 750 E. Adams St., Syracuse, NY 13210. E-mail: ambergd@upstate.edu at 15°, 20°, 25°, 30°, 34.5°, and 37° (Figure 1) . In most cases, the alleles cause different phenotypes than originally reported: the act1-107 allele is more dominant, both for the growth defect and salt sensitivity; the act1-127 mutant is healthier as a heterozygote; the act1-128 mutant is more salt sensitive as a heterozygote; and the act1-136 mutant behaves as wild type does, even as a haploid, indicating that the originally reported phenotype is attributable to the additional act1-132 mutation in that mutant. The phenotype of act1-108 was as previously reported, suggesting that the A310N mutation is silent.
Further phenotypic analysis was performed by visualizing actin organization by rhodamine-phalloidin staining of all heterozygous diploids and of homozygous diploids carrying the nonlethal alleles (see Figure 2) . The act1-107 heterozygous diploid ( Figure 2B ) has extremely abundant depolarized cortical patches, poorly organized actin cables, and broad necks, despite the ability to form cytokinetic rings. The act1-108 heterozygote ( Figure 2C ) appears fairly normal, except that the actin cables appear shortened. The act1-108 homozygous diploid grows poorly, has severe morphological and cell-wall defects, and in general stains poorly, suggesting defects in actin filament assembly/stability or possibly defects in phalloidin binding. Interestingly, the only actin mutant known to be defective for phalloidin binding (act1-129) (Drubin et al. 1993) alters amino acids very near those mutated in act1-108. To address potential defects in phalloidin binding in the act1-108 strain, we used indirect immunofluorescence with an anti-actin antibody to visualize its actin cytoskeleton ( Figure 2I ). Although cables were not visible, the filament-containing cortical patches were readily visualized, suggesting that this mutant is defective for phalloidin binding. The act1-127 heterozygote ( Figure 2D ) were streaked on YPD medium (stippled bars) and YPD 1 0.9 m NaCl medium (solid bars), and growth rates were assessed as compared to wild-type control strains. The asterisk indicates that we observed papillation in the indicated temperature range suggestive of spontaneous reversion.
has depolarized patches and poor cable assembly, with $5% of the cells forming multiple buds. In cells with multiple buds, the actin is sometimes, but not always, polarized into both buds. An example is highlighted with an overlaid DIC image, with the extra bud indicated by an arrow. The act1-128 heterozygous diploid ( Figure 2E ) is extremely aberrant, showing very large cells, depolarized patches, few or no cables, cell lysis, and some cells with multiple buds. The act1-136 heterozygote and homozygote appeared much like wild type.
Correction and analysis of the seven actin alanine scan alleles described here completes this collection of useful mutants. One difference of note between our strains and the strains with the original actin alanine scan alleles is that ours were constructed in the BY background, as was the ordered gene knock-out collection. One difference of note between these strains is that the original alleles have a tightly linked tub2 mutation that could add to the mutant phenotypes, whereas ours have a tightly linked NAT r gene. We have all of the viable actin alanine scan alleles as haploids and all of the recessive alleles as heterozygous diploids in the BY background.
This study led to some interesting observations. For example, we identified two additional dominant lethal alleles: act1-118 and act1-130 (the original analysis identified two dominant lethal alleles: act1-114 and act1-126). Because the latter affects residues likely to be important for filament stabilization, it was assumed that their dominance is a consequence of poisoning filament assembly (Wertman et al. 1992) . The act1-118 mutant was originally reported as a lethal, partially dominant allele (as is the act1 null allele), and this is consistent with our discovery that this mutant also carries a frameshift mutation at codon 183. The true dominance of this allele is probably attributable to the fact that the side-chain carboxylate of R154 forms hydrogen bonds with two of the four water molecules, which, along with the nonbridging b-and phosphoryl oxygens of ATP, compose the octahedral coordination shell of the Mg 21 ion in the ATP-binding cleft. In addition, the side-chain carboxylate of D154 interacts with a ribose oxygen (O 3 ) of ATP and has been implicated in the mechanism of nucleotide-dependent conformational changes in the actin monomer (Vorobiev et al. 2003) . Therefore, if act1-118p were capable of binding Mg 21 -ATP, which seems unlikely, it would probably have severe defects in the ATPase cycle.
Similarly, act1-130 was originally reported to be a recessive lethal allele, which is consistent with our discovery that the mutant also carries a frameshift mutation at codon 95. The residues altered by act1-130 (E93 and R95) lie in a filament-exposed loop on the far right side of the monomer, distant from self-association sites and the ATP-binding cleft. It is therefore difficult to understand how alanine substitutions at these sites could affect filament assembly or dynamics. Rather, we propose that this mutation destabilizes the interaction of an essential protein, or class of proteins, with the actin filament. A promising candidate is tropomyosin. Chemical modification of the actin arginines 28, 95, and 147 prevents tropomyosin binding to actin filaments, and arginine 95 is protected from the same chemical modification in filaments predecorated with tropomyosin (Johnson and Blazyk 1978) . Furthermore, not all actin-binding proteins would be expected to be sensitive to defects in 1/2 of the subunits. However, the ''Gestaltbinding'' model of tropomyosin binding to actin proposes that tropomyosin affinity for actin filaments cannot be explained by interactions with a single subunit but rather by the sum of interactions with multiple subunits (Holmes and Lehman 2008) .
